In order to ascertain possible involvement of polyamines in the physiological regulation of brown fat function, effect of temperature amines on the noradrenaline
Polyamines are widely distributed in animal tissues and have been implicated thesis during growth (TABOR and TABOR, 1976) . Recent studies indicate that polyamines also affect the metabolic aspects of cellular activities (CHAFFEE et al., 1978 (CHAFFEE et al., , 1979 CLO et al., 1979; KITADA et al., 1979; LOCKWOOD and EAST, 1974) . For example, changes in polyamine concentration could cause very significant effects on mitochondrial respiration during ADP-ATP conversion,suggesting that polyamines have regulatory effects on cellular respiration (CHAFFEE et al., 1978 (CHAFFEE et al., , 1979 et al.(1951) . Polyamines in the brown fat were determined according to the method by perchloric acid was applied to a column of Dowex-50.Polyamines were finally eluted with 6N HCl and the eluate was evaporated.The residue was dissolved amines developed with ninhydrin reagent was measured colorimetrically. Isolation and measurement of heat production of brown adipocytes were performed as previously described (KuROSHIMA and YAHATA,1979) .Brown adipocytes were isolated by the modified method of HITTELMAN et al.(1974) .
calorimeter in the gas phase of 95% O2,5% CO2 at 37•Ž(RCM-2F,Rhesca Co., partments;one contained cell suspension(4.4ml)plus polyamine solution(0.1ml) naline solution(0.5ml).Noradrenaline solution was prepared with phosphate sponse on the brown adipocytes (KUROSHIMA and YAHATA,1979) .The reference vessel also consisted of 2 compartments;one contained 4.4ml of cell suspension plus 0.1ml polyamine solution and the other the buffer solution only.
RESULTS
Urinary excretion of polyamines in temperature acclimation As shown in Table 1 ,the daily urinary excretion of polyamines measured ported previously (KuxosHiMA et al.,1978) .The daily amonut of polyamines acclimated rats and was reduced in the heat-acclimated rats.
Polyamine contents in brown adipose tissue Table2 summarizes the Polyamine contents of interscapular brown adipose tissue in the temperature-acclimated rats.Polyamine concentrations per fresh weight of the brown adipose tissue are comparable to those of the white adipose tissue,showing the lowest value among other tissues studied previously (JANNE et al.,1964) .As in other tissues,the concentrations of spermidine and spermine in the brown adipose tissue were similar and the putrescine level was lower than those of other polyamines (INOUE and MIZUTANI,1973; JANNE et al.,1964; TABOR acclimated rats and decreased in the heat-acclimated rats.Consequently,the polyamine contents in whole tissue were significantly higher in the cold-acclimated rats than in the controls.while nolvamine levels excent for nutrescine decreased sidered to represent the active mass of the tissue,was significantly augmented with cold acclimation and lessened with heat acclimation (Table 2) .Spermidine and putrescine concentrations per unit fat-free dry matter were found to be reduced significantly in the cold-acclimated brown adipose tissue.This finding indicates that the polyamine level in the active component of brown adipose tissue decreased free dry matter tended to increase in the heat-acclimated rats,but they are not significantly different from those in the controls,due to the great variation of the values.
Effect of polyamines on noradrenaline-induced thermogenesis of brown adipocytes Noradrenaline induced a marked thermogenic response from the isolated Vol.30,No.6,1980 brown adipocytes (KUROSHIMA and YAHATA,1979) .Spermine as well as spermidine significantly suppressed this noradrenaline-induced thermogenesis in a dose-dependent manner,as shown in Fig.1 .
DISCUSSION
The results showed the elevated urinary excretion of polyamines in the coldacclimated rats and the reduced excretion in the heat-acclimated rats.It is well known that cold acclimation causes the increases in the weights of gut and liver (EMERY et al.,1939; HEROUX and GRIDGEMAN,1958) ,where high concentrations of polyamines are found (JANNE et al.,1964) .Therefore,it is likely that the increased excretion of polyamines would have resulted from the increased mass of tissues containing large amounts of polyamines and/or increased formation of polyamines.Changes in polyamine synthesis are followed by corresponding changes in urinary excretion during pregnancy (ANDERSSON et al.,1978; ROJANSKY et al.,1979) .On the other hand,heat acclimation results in suppressed thyroidal function (COLLINS and WEINER,1968) ,lessened growth (JOUANNETEAU and PERES, 1979; KUROSHIMA et al.,1978) and reduced liver size (CHAYOTH et al.,1977; JOUANNETEAU and PERES,1979) .Ablation of thyroid gland decreases the hepatic polyamine concentration (HARIK,1979) .Thus,it is inferred that the overall formation of polyamines is decreased in the heat-acclimated rats,resulting in the reduced excretion of urinary polyamines.
Cold acclimation has been shown to decrease the concentrations of putrescine and spermidine,but not spermine,in fat-free dry matter of brown adipose tissue.In the heat-acclimated animals,all the polyamine levels tended to increase, though the changes were not statistically significant (Table 2) .Regarding these limiting enzyme in the biosynthesis of polyamine,results in lowering of putrescine and spermidine levels,but not that of spermine in several rat tissues (DANZIN et al.,1979) .Therefore,it is conceivable that cold acclimation inhibits the activity of polyamine synthesizing enzyme,decreasing the polyamine levels in the brown adipose tissue.In the present study,spermidine as well as spermine suppressed the thermogenesis in the isolated brown adipocytes in response to noradrenaline,which is the main agent regulating the function of this tissue.Polyamine concentrations used in order to affect the noradrenaline-induced thermogenesis of brown adipocytes were much higher than those in brown adipose tissue. Accordingly,the physiological validity of the present finding appears amenable to further study.But in the experiment in vitro a physiologically appropriate concentration of active agent might not be simply determined by its endogenous average level,since it might be subjected to rapid destruction during the incubation period or it might not be distributed evenly in the situation in vivo.From these results,we should like to reason that polyamines take part in the regulation of thermogenic function of brown adipose tissue in an inhibitory manner,although the mechanism involved remains obscure.
The polyamines decrease the activities of adenylate cyclase and cyclic AMPdependent protein kinase,and the cellular cyclic AMP level (CU)et al.,1979; WRIGHT et al.,1978) .It has been also shown that the polyamines activate cellular phosphodiesterase,causing the decrease of cyclic AMP levels (CLO et al.,1979) . The function of brown adipose tissue is mainly regulated by noradrenaline released from the sympathetic nerve terminals.Noradrenaline stimulates lipolysis in this tissue by increasing cyclic AMP levels through activation of adenylate cyclase and causes heat production via the highly exothermic process of mito-chondrial fatty acid oxidation (SMITH and HORWITZ,1969 ).Accordingly,the decreased level of polyamines in the cold-acclimated brown adipose tissue may induce enhanced lipolysis in this tissue,leading to enhanced thermogenesis by means of modification of the adenylate cyclase-cyclic AMP system.In this context,the report by BEGIN-HEICK et al.(1979) should be referred to,which states that catecholamine-stimulated adenylate cyclase levels are markedly increased in the membrance-rich fraction of brown adipose tissue of cold-acclimated rats. On the other hand,a reduction was reported in the enzyme activity in the homogenates of brown adipose tissue in the cold-acclimated rats (MUIRHEAD and HIMMS-HAGEN,1971; SKALA et al.,1972) .The discrepancy between these results might have resulted from the differences in the assay procedures employed or in the preparations of tissues for the assay.In interpretation of the results,due precaution must be taken as to which tissue preparations are used,membrane-rich fractions,homogenates or adipocytes of brown adipose tissue.The brown adipocytes account for only about 25% of the cells in the total brown adipose tissue of rat (FAIN et al.,1967) .Pertaining to this point,it is noted that the phosphodiesterase activity per mg protein was increased in total tissue homogenates but decreased in the brown adipocytes of cold-acclimated rats (BERTIN and PORTET, 1975) .
The polyamines are reported to mimick the antilipolytic action of insulin, possibly suppressing the cellular cyclic AMP levels (LocKwooD and EAST,1974) . Both white and brown adipose tissues react to insulin as well as noradrenaline in a similar fashion (FAIN et al.,1967; KRISHNA et al.,1970) .The polyamines,like insulin,may exert antilypolytic action on the brown adipose tissue and suppress the heat production of this tissue.
Moreover,the polyamines may play a role in the mitochondrial function of brown adipose tissue. CHAFFEE et al.(1979) demonstrated that the polyamines would increase the respiratory control ratio and suppress the activity of the respiratory cycle in rat liver mitochondria.They also showed that the liver mitochondria from the heat-acclimated animals have a significantly greater elevation of respiratory control ratio than those from the control in the presence of polyamines (CHAFFEE et al.,1978) .Recently,a unique uncoupling mechanism in the form of a high-conductance of H+in the inner membrane of mitochondria without obligatory ATP synthesis has been proposed as being responsible for the remarkably high thermogenic capacity of brown adipose tissue (HEATON et al.,1978) . It might be argued that the polyamines effect a role as a factor tightening the respiratory control of this tissue,enhancing thermogenesis with a decrease in their levels.
The mechanism by which the polyamine levels are altered in the cold-acclimated animals remains to be identified. Polyamine synthesis in various tissues is under the control of several hormones (HARIK,1979; SCALABRINO et al., 1979) .Further consideration should be given to evaluating the endocrine regula-tion of polyamine metabolism.
Although the results of the present investigation suggest that the polyamines regulate the heat production of brown adipose tissue in an inhibitory way,further work is needed to ascertain if the polyamines are indeed related physiologically to the function of brown adipose tissue.
